Streptococcus mutans (S. mutans), harboring biofilm formation, considered as a main aetiological factor of dental caries. Gtf genes play an important role in S. mutans biofilm formation. The purpose of this study was to investigate the effect of Lactobacillus acidophilus-derived biosurfactant on S. mutans biofilm formation and gtfB/C expression level (S. mutans standard strain ATCC35668 and isolated S. mutans strain (22) Several properties of S. mutans cells (the surface properties, biofilm formation, adhesion ability and gene expression) were changed after L. acidophilus-derived biosurfactant treatment. It is also concluded that biosurfacant treatment can provide an optional way to control biofilm development. On the basis of our findings, we can suggest that the prepared biosurfactant may interfere with adhesion processes of S. mutans to teeth surfaces, provided additional evaluation produce satisfactory results.
INTRODUCTION
Streptococcus mutans (S. mutans), harbouring the dental biofilm, is one of the etiological factors of dental caries (16) . Its ability to adhere to the teeth surface is vital for the initiation and progression of dental caries (3, 6, 31) . The S. mutans adhesion mechanism is related to synthesis of both extracellular enzymes, glucosyl transferase (GTF) and fructosyl transferase (FTF) (7, 17, 26) . These enzymes are responsible for the synthesis of extra cellular polysaccharides such as glucans and *Corresponding Author. Mailing address: Assistant Professor of Microbiology, Khorasgan Branch, Islamic Azad University, Isfahan, Iran.; Add: no. 21, Sh. Salimian st., Daneshgah Bv., Azadi sq., Isfahan, Iran.; Fax: +98 311 5354061.; E.mail: atahmoures@khuisf.ac.ir / arezootahmourespour@gmail.com L. acidophilus-derived biosurfactant effect in S. mutans fructans. These polymers mediate adherence of S. mutans to the tooth surfaces and surfaces of bacteria. They also play an important role in the formation of plaque, the precursor of dental caries (13, 27 ).
-(1-3) and -(1-6)-linked glucan polymers are encoded by the genes gtfB, gtfC and gtfD. Recently, in vitro studies indicated that gtfB and gtfC are essential for the sucrosedependent attachment of S. mutans cells to hard surfaces (2) but gtfD is dispensable (8, 43) . Therefore, these genes have become a potential target for protection against dental caries (7) .
Lactobacilli, as probiotic agents, are believed to interfere with pathogens by different mechanisms (22, 30) . One of its mechanisms is biosurfactant production.
Biosurfactants, a structurally diverse group of surface active molecules synthesized by microorganisms, have attracted attentions in recent years. Because the reason, they had several advantages on synthetic surfactants, such as low toxicity, inherent good biodegradability and ecological acceptability.
Biosurfactants include unique amphipathic properties derived from their complex structures, which include a hydrophilic moiety and a hydrophobic portion (37) . The use of biosurfactants from probiotic bacteria as antimicrobial and/or anti-adhesive agents has been studied before and their ability to inhibit adhesion of various microorganisms isolated from explanted voice prostheses has been demonstrated (20) . mutans biofilm cells by real time RT PCR for the first time.
MATERIALS AND METHODS

Bacterial strains and culture conditions
The S. mutans strains used in this study were S. mutans ATCC35668 and dental plaque isolated S. mutans 22, with high ability of biofilm forming.
S. mutans strains were cultured on blood agar and mitis salivarius agar media and were incubated in a CO 2 enriched, 37
°C atmosphere. 
Biosurfactant production
15 mL of L. acidophilus cultured overnight was inoculated to 600-ml of MRS broth and incubated for 24 hours. The cells were harvested by centrifugation at 10,000 g for 5 min at 10 °C, washed twice in demineralized water, and were resuspended in 100 ml of PBS. The lactobacilli were incubated at room temperature for 2 hours with gentle stirring for biosurfactant production.
Subsequently, the bacteria were removed by centrifugation, and the remaining supernatant liquid was filtered through a 0.22 mm-pore-size filter (Millipore). A 10-ml portion of the supernatant was used immediately in the adhesion assay, and the remainder was dialyzed against demineralized water at 4 °C in a Spectrapor membrane tube (molecular weight cutoff, 6'000 to 8'000; Spectrum Medical Industries, Inc.), and was freezedried as in method of Velraed et al (38) .
Drop-collapse method
In order to test whether produced biosurfactant was able to decrease the surface tension between water and hydrophobic surfaces, the ability to collapse a droplet of water was tested as follows: 25 L of extracted biosurfactant was pipetted as a droplet onto parafilm; the flattening of the droplet and the spreading of the droplet on the parafilm surface was followed over seconds or minutes.
Subsequently, methylene blue (which had no influence on the shape of the droplets) was added to the water stain and supernatants for photographic purposes. The droplet was allowed to dry and the diameter of the dried droplet was recorded (14, 34) .
Fourier transform infrared spectroscopy
Freeze-dried biosurfactants (2 mg) were ground with 100 mg KBr and compressed at 7'500 kg for 3 min to obtain translucent pellets. Infrared absorption spectra were recorded L. acidophilus-derived biosurfactant effect in S. mutans with a model (Nicolet Impact 400) instruments (the spectral resolution and wave number accuracy were 4 and 0.01 cm -1 , respectively). KBr pellet was used as the background reference.
Quantity of a spectral region of interest was determined by normalizing the area under the absorption bands regarding to the area of the CH absorption band around 2'932 cm -1 (25, 38) .
Biofilm formation assay
Glass slide method: In order to generate S. mutans biofilm on the glass slide, 1 mL of S. mutans over night cultured ( 
RESULTS
Drop collapse assay
In drop collapse assay, no activity was detected for distilled water as predicted. The biosurfactant droplets do result in a collapsed droplet (Figure 1 ), indicating their effects on reduction of surface tension.
Fourier transform infrared spectroscopy
The molecular composition of the biosurfactant used in this study was analysed by Fourier transform infrared spectroscopy 
Biofilm formation
As it is shown in Figure 3A /B, the presence of 2.5mg/ml L.
acidophilus derived biosurfactant, dramatically reduced the process of attachment and biofilm production .It could also make chain shortening.
The attached bacterial cells were collected from the wells of microtiter plates ( Figure 4A ) and used for RNA extraction by mentioned method ( Figure 4B ).
The effect of biosurfactant on gtfB and gtfC expression
Real-time RT-PCR was used to quantify the effect of L.
acidophilus-derived biosurfactant on gtfB and gtfC gene expression in biofilm of S. mutans ATCC35668 and S. mutans 22 ( Figures 5A and B) . As an internal reference 16srRNA gene was used.
In the biofilm environment, tested biosurfactant significantly reduced gtfB and gtfC gene expression (p < 0.05).
However, the effect of biosurfactant on two genes was not identical with more pronounced gtfB gene expression suppression. Regarding S. mutans 22, the extent of reduction of gtfB expression level was more than the standard strain (p,0.05), but it's effect on gtfC expression level was the same as the standard strain. The mRNA expression levels were calibrated relative to the control group (in the absence of biosurfactant). The results were expressed as the means and standard errors of dublicate experiments using primers specific for gtfB/C and 16S rRNA (normalizing gene).
DISCUSSION
Oral infection constitute some of the most prevalent and expensive forms of human infection. The disease is widespread in all age groups with least success to control the actual infection. Dental caries is a multi factorial disease tightly related with the presence of cariogenic bacteria, Streptococcus mutans, which are embedded in the dental plaque biofilm.
As S. mutans is involved in dental caries, it must be inhibited. Increasing problems of resistance to synthetic antimicrobials have encouraged the researchers to research on alternative natural products (1) such as probiotic bacteria and L. acidophilus-derived biosurfactant effect in S. mutans their products.
Some of microorganisms such as lactic acid bacteria were found to be biosurfactant producing strains (21, 25, 35, 38) .
One of the major roles known for biosurfactants is their negative effect on other microbial species.
In this study, 24-h culture of L. acidophilus was used to release biosurfactant, because Velraed et al. (38) and Rodrigues et al. (21) showed that the 24-h cultures exhibited the largest and most rapid decreases in liquid surface tension.
The biosurfactant activity showed that we had used real surfactant preparations, since the force or interfacial tension between the drop containing the surfactant and the parafilm surface was reduced and resulted in the spread of the drop. Their results support the idea that lactobacilli-derived agents remarkably have an effect on these interactions (39) .
In this study, we made an effort to investigate the effect of Clearly, most studies have focused on the production and gene regulation of virulence factors such as GTFs, which play an important role in biofilm formation by S. mutans for the purpose of controlling dental caries (12, 32) .
The ability of S. mutans to produce extracellular polysaccharides from dietary carbohydrates has been demonstrated to significantly enhance its cariogenicity. Thus, the less these extracellular polysaccharides produced, the cariogenicity of S. mutans can be less. These results indicated that several properties of bacterial cells (the surface properties, gene expression, etc) were also changed after biosurfactant treatment. The situation in natural systems is obviously more complex and requires the consideration of many additional parameters (15, 39) .
In general, biosurfacant treatment can provide an optional way for controlling biofilm development and also influence the adhesion ability of bacterial pathogens (18) .
Currently, further investigations are being done in our laboratory on the effect of other probiotic biosurfactant such as L.
fermentum and L. rhamnosus on gtfB, gtfC and ftf expression in S.
mutans biofilm.
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